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Design	
  Surveys	
  for	
  DRM	
  1	
  and	
  DRM	
  2	
  

DRM	
  1	
  
•  1.3	
  m	
  mirror	
  
•  Imager	
  with	
  

–  36	
  H2RG	
  detectors	
  
–  0.18	
  “/pixl	
  
–  0.36	
  sq	
  degrees	
  

•  Filter	
  wheel	
  with	
  
–  4	
  filters	
  
–  R=75	
  Prism	
  

•  2.5	
  micron	
  λ	
  cutoff	
  

DRM	
  2	
  
•  1.1	
  m	
  mirror	
  
•  Imager	
  with	
  

–  14	
  H4RG	
  detectors	
  
–  0.18	
  “/pixl	
  
–  0.56	
  sq	
  degrees	
  

•  Filter	
  Wheel	
  with	
  
–  4	
  filters	
  
–  R=75	
  Prism	
  

•  2.5	
  micron	
  λ	
  cutoff	
  

Assume	
  6	
  months	
  for	
  Supernova	
  Survey	
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  WFIRST	
  	
  DRM	
  A	
  –	
  Dave	
  Constants	
  Baseline	
  

DRM	
  A	
  
•  2.4	
  m	
  on	
  axis	
  mirror	
  
•  Imager	
  with	
  

–  18	
  H4RG	
  detectors	
  (6x3)	
  
–  0.11	
  “/pixl	
  
–  0.28	
  sq	
  degrees	
  

•  Filter	
  wheel	
  with	
  
–  4	
  filters	
  
–  R=75	
  Prism	
  spectr.	
  

•  2.0	
  micron	
  λ	
  cutoff	
  

Assume	
  6	
  months	
  for	
  Supernova	
  Survey	
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Assume	
  4	
  Filter	
  Bands	
  

Filter	
   λ	
  Central	
   Δ	
  λ	
   λ	
  Range	
  

	
  	
  	
  	
  	
  1	
   	
  	
  	
  1.15	
   	
  	
  	
  0.26	
   1.02	
  –	
  1.28	
  

	
  	
  	
  	
  	
  2	
   	
  	
  	
  1.45	
   	
  	
  	
  0.32	
   1.29	
  –	
  1.61	
  

	
  	
  	
  	
  	
  3	
   	
  	
  	
  1.80	
   	
  	
  	
  0.40	
   1.60	
  –	
  2.00	
  

	
  	
  	
  	
  	
  4	
   	
  	
  	
  2.25	
   	
  	
  	
  0.50	
   2.00	
  –	
  2.50	
  

Δ	
  λ	
  =	
  λ	
  /	
  4.5	
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These	
  were	
  the	
  four	
  filter	
  bands	
  for	
  DRM1	
  and	
  2.	
  
	
  We	
  planned	
  on	
  using	
  bands	
  2,3,4	
  with	
  the	
  2.5	
  micron	
  cutoff.	
  
For	
  DRM	
  A	
  with	
  a	
  2.0	
  micron	
  cutoff	
  we	
  plan	
  on	
  using	
  bands	
  1,2,3.	
  
	
  
We	
  will	
  fine	
  tune	
  these	
  when	
  the	
  filter	
  bands	
  for	
  DRM	
  A	
  are	
  chosen.	
  



Supernova	
  Signal	
  -­‐	
  counts/sec/Filter	
  Band	
  
•  The	
  supernova	
  signal	
  in	
  the	
  three	
  filters	
  was	
  calculated	
  by	
  Alex	
  Kim	
  

by	
  transforming	
  the	
  observer	
  frame	
  filter	
  bands	
  to	
  the	
  supernova	
  
rest	
  frame	
  and	
  evalua_ng	
  the	
  flux	
  in	
  these	
  rest	
  frame	
  bands.	
  

•  	
  	
  	
  	
  	
  	
  Z	
  	
  	
  	
  	
  Band1	
  	
  	
  Band2	
  	
  	
  	
  	
  Band3	
  	
  	
  	
  	
  Band4	
  	
  
•  	
  	
  0.15	
  	
  	
  23.096	
  	
  	
  17.614	
  	
  	
  10.814	
  	
  	
  	
  	
  4.814	
  
•  	
  	
  0.25	
  	
  	
  11.096	
  	
  	
  	
  	
  7.726	
  	
  	
  	
  	
  5.843	
  	
  	
  	
  	
  2.093	
  
•  	
  	
  0.35	
  	
  	
  	
  	
  6.087	
  	
  	
  	
  	
  4.624	
  	
  	
  	
  	
  3.778	
  	
  	
  	
  	
  0.977	
  
•  	
  	
  0.45	
  	
  	
  	
  	
  3.749	
  	
  	
  	
  	
  3.348	
  	
  	
  	
  	
  2.644	
  	
  	
  	
  	
  1.323	
  
•  	
  	
  0.55	
  	
  	
  	
  	
  3.044	
  	
  	
  	
  	
  2.557	
  	
  	
  	
  	
  1.829	
  	
  	
  	
  	
  1.337	
  
•  	
  	
  0.65	
  	
  	
  	
  	
  2.615	
  	
  	
  	
  	
  1.957	
  	
  	
  	
  	
  1.414	
  	
  	
  	
  	
  1.249	
  
•  	
  	
  0.75	
  	
  	
  	
  	
  2.387	
  	
  	
  	
  	
  1.461	
  	
  	
  	
  	
  1.181	
  	
  	
  	
  	
  1.140	
  
•  	
  	
  0.85	
  	
  	
  	
  	
  2.088	
  	
  	
  	
  	
  1.134	
  	
  	
  	
  	
  1.086	
  	
  	
  	
  	
  1.032	
  
•  	
  	
  0.95	
  	
  	
  	
  	
  1.707	
  	
  	
  	
  	
  1.080	
  	
  	
  	
  	
  0.916	
  	
  	
  	
  	
  0.870	
  
•  	
  	
  1.05	
  	
  	
  	
  	
  1.452	
  	
  	
  	
  	
  1.046	
  	
  	
  	
  	
  0.793	
  	
  	
  	
  	
  1.099	
  
•  	
  	
  1.15	
  	
  	
  	
  	
  1.193	
  	
  	
  	
  	
  0.982	
  	
  	
  	
  	
  0.658	
  	
  	
  	
  	
  0.942	
  
•  	
  	
  1.25	
  	
  	
  	
  	
  1.061	
  	
  	
  	
  	
  0.949	
  	
  	
  	
  	
  0.555	
  	
  	
  	
  	
  1.018	
  
•  	
  	
  1.35	
  	
  	
  	
  	
  0.954	
  	
  	
  	
  	
  0.885	
  	
  	
  	
  	
  0.497	
  	
  	
  	
  	
  1.068	
  
•  	
  	
  1.45	
  	
  	
  	
  	
  0.864	
  	
  	
  	
  	
  0.778	
  	
  	
  	
  	
  0.510	
  	
  	
  	
  	
  1.060	
  
•  	
  	
  1.55	
  	
  	
  	
  	
  0.840	
  	
  	
  	
  	
  0.701	
  	
  	
  	
  	
  0.510	
  	
  	
  	
  	
  1.282	
  
•  	
  	
  1.65	
  	
  	
  	
  	
  0.795	
  	
  	
  	
  	
  0.632	
  	
  	
  	
  	
  0.490	
  	
  	
  	
  	
  0.843	
  	
  	
  	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  For	
  a	
  1.3	
  m	
  dia	
  
	
  unobstructed	
  view	
  mirror	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  Adjusted	
  for	
  75%	
  
	
  	
  	
  	
  	
  	
  	
  telescope	
  thruput	
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Supernova	
  Signal	
  -­‐	
  counts/sec/Filter	
  Band	
  
•  The	
  supernova	
  signal	
  in	
  the	
  three	
  filters	
  was	
  calculated	
  by	
  

transforming	
  the	
  observer	
  frame	
  filter	
  bands	
  to	
  the	
  supernova	
  rest	
  
frame	
  and	
  evalua_ng	
  the	
  flux	
  in	
  these	
  rest	
  frame	
  bands.	
  

•  	
  	
  	
  	
  	
  	
  Z	
  	
  	
  	
  	
  	
  	
  Band1	
  	
  	
  	
  Band2	
  	
  	
  	
  Band3	
  	
  	
  	
  	
  Band4	
  	
  
•  	
  0.15	
  	
  	
  	
  	
  61.398	
  	
  	
  46.826	
  	
  	
  	
  28.748	
  
•  	
  0.25	
  	
  	
  	
  	
  29.284	
  	
  	
  20.538	
  	
  	
  	
  15.535	
  
•  	
  0.35	
  	
  	
  	
  	
  16.183	
  	
  	
  12.292	
  	
  	
  	
  10.043	
  
•  	
  0.45	
  	
  	
  	
  	
  	
  	
  9.966	
  	
  	
  	
  	
  8.901	
  	
  	
  	
  	
  	
  	
  7.029	
  
•  	
  0.55	
  	
  	
  	
  	
  	
  	
  8.088	
  	
  	
  	
  	
  6.798	
  	
  	
  	
  	
  	
  	
  4.863	
  
•  	
  0.65	
  	
  	
  	
  	
  	
  	
  6.951	
  	
  	
  	
  	
  5.204	
  	
  	
  	
  	
  	
  	
  3.760	
  
•  	
  0.75	
  	
  	
  	
  	
  	
  	
  6.345	
  	
  	
  	
  	
  3.885	
  	
  	
  	
  	
  	
  	
  3.140	
  
•  	
  0.85	
  	
  	
  	
  	
  	
  	
  5.552	
  	
  	
  	
  	
  3.015	
  	
  	
  	
  	
  	
  	
  2.887	
  
•  	
  0.95	
  	
  	
  	
  	
  	
  	
  4.536	
  	
  	
  	
  	
  2.871	
  	
  	
  	
  	
  	
  	
  2.435	
  
•  	
  1.05	
  	
  	
  	
  	
  	
  	
  3.859	
  	
  	
  	
  	
  2.782	
  	
  	
  	
  	
  	
  	
  2.108	
  
•  	
  1.15	
  	
  	
  	
  	
  	
  	
  3.170	
  	
  	
  	
  	
  2.610	
  	
  	
  	
  	
  	
  	
  1.750	
  
•  	
  1.25	
  	
  	
  	
  	
  	
  	
  2.819	
  	
  	
  	
  	
  2.522	
  	
  	
  	
  	
  	
  	
  1.476	
  
•  	
  1.35	
  	
  	
  	
  	
  	
  	
  2.536	
  	
  	
  	
  	
  2.353	
  	
  	
  	
  	
  	
  	
  1.321	
  
•  	
  1.45	
  	
  	
  	
  	
  	
  	
  2.297	
  	
  	
  	
  	
  2.069	
  	
  	
  	
  	
  	
  	
  1.355	
  
•  	
  1.55	
  	
  	
  	
  	
  	
  	
  2.233	
  	
  	
  	
  	
  1.864	
  	
  	
  	
  	
  	
  	
  1.357	
  
•  	
  1.65	
  	
  	
  	
  	
  	
  	
  2.115	
  	
  	
  	
  	
  1.680	
  	
  	
  	
  	
  	
  	
  1.302	
  
•  	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  For	
  a	
  2.4	
  m	
  dia	
  
	
  obstructed	
  view	
  mirror	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  Adjusted	
  for	
  75%	
  
	
  	
  	
  	
  	
  	
  	
  telescope	
  thruput	
  
	
  
	
  	
  	
  	
  	
  	
  Wavelengths	
  <	
  2.0	
  μ	
  

10	
  



Calcula_on	
  of	
  Exposure	
  Times	
  

•  Exposure	
  _mes	
  t	
  in	
  each	
  of	
  the	
  filter	
  bands	
  for	
  a	
  S/N=15	
  in	
  
each	
  band	
  

•  t	
  =	
  	
  [(S/N)/s]2[	
  s	
  +npix	
  (Z+D+r2/t)]	
  sec	
  	
  	
  	
  
•  	
  	
  	
  	
  	
  npix	
  =	
  no	
  of	
  pixels	
  in	
  image	
  
•  	
  	
  	
  	
  	
  S/N	
  =	
  15	
  	
  required	
  signal	
  to	
  noise	
  	
  
•  	
  	
  	
  	
  	
  s	
  is	
  SNe	
  signal	
  in	
  counts/sec/band	
  
•  	
  	
  	
  	
  	
  Z	
  is	
  the	
  Zodi	
  bckgrd	
  in	
  cts/sec/pix	
  
•  	
  	
  	
  	
  	
  D	
  is	
  the	
  dark	
  current	
  in	
  cts/sec/pix	
  
•  	
  	
  	
  	
  	
  r	
  	
  	
  is	
  the	
  read	
  noise	
  (assume	
  single	
  read	
  here,	
  should	
  	
  

change	
  with	
  mul_ple	
  exposures	
  per	
  point)	
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Calcula_on	
  of	
  the	
  Zodi	
  Background	
  

•  Zodiacal	
  light	
  background	
  from	
  paper	
  by	
  Greg	
  Aldering	
  
–  log10f(λ)	
  =	
  -­‐17.755	
  –	
  0.73(λ	
  –	
  0.61)	
  	
  ergs/cm2/sec/Å/arcsec2	
  

•  Conver_ng	
  this	
  to	
  more	
  relevant	
  units	
  
–  f(λ)	
  =	
  2.47	
  10-­‐2	
  λe-­‐1.68λ	
  	
  photons/cm2/sec/μ/arcsec2	
  

•  Calcula_ng	
  counts/pixel/sec	
  
–  Z	
  =	
  f(λ)	
  Atel	
  Apixel	
  	
  Δλ	
  	
  	
  counts/pixel/sec	
  
– Where	
  Atel	
  is	
  the	
  Telescope	
  area	
  in	
  cm2	
  

–  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Apixel	
  is	
  the	
  area	
  of	
  a	
  pixel	
  in	
  arcsec2	
  

–  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Δλ	
  is	
  the	
  wavelength	
  range	
  contribu_ng	
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Parameters	
  used	
  in	
  the	
  Exposure	
  Time	
  Calcula_ons	
  

Parameter	
   Imaging	
   Slitless	
  Spectra	
   IFU	
  Spectra	
  
Signal	
  to	
  noise	
  S/N	
   15	
   15	
   15	
  
No	
  of	
  pixels	
  npix	
   12.6	
   133.3	
   88	
  
Zodi	
  Bkgrd	
  Z	
   As	
  calculated	
  
Dark	
  Current	
  D	
   0.015	
  e/pixel/sec	
   0.015	
   0.010	
  
Read	
  noise	
  r	
   10.0	
  e	
   10.0	
   5.0	
  
Pixel	
  area	
  Apix	
   (0.11)**2	
   (0.11)**2	
   (0.11)**2	
  
Wavelength	
  	
  	
  λ	
   Center	
  of	
  band	
  
Range	
  admined	
  Δλ	
  
in	
  zodi	
  backgrd	
  

Width	
  of	
  filter	
  
band	
  

0.6	
  to	
  2.0	
  =	
  1.4	
  μ	
   <	
  0.02μ	
  
	
  

Spectrometer	
  Res	
   R	
  =	
  75	
  (150/pix)	
   R	
  =	
  50	
  (100/pix)	
  

Using	
  Calculated	
  Signal/Filter	
  Band	
  (counts/sec/filter	
  band)	
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Imaging	
  Exposure	
  _mes	
  

•  	
  	
  	
  	
  	
  Z	
  	
  	
  	
  Band1	
  	
  	
  Band2	
  	
  	
  Band3	
  
•  	
  	
  0.15	
  	
  	
  	
  	
  	
  	
  10.9	
  	
  	
  	
  	
  	
  	
  14.3	
  	
  	
  	
  	
  	
  	
  23.5	
  
•  	
  	
  0.25	
  	
  	
  	
  	
  	
  	
  23.1	
  	
  	
  	
  	
  	
  	
  33.4	
  	
  	
  	
  	
  	
  	
  44.4	
  
•  	
  	
  0.35	
  	
  	
  	
  	
  	
  	
  42.9	
  	
  	
  	
  	
  	
  	
  57.4	
  	
  	
  	
  	
  	
  	
  70.5	
  
•  	
  	
  0.45	
  	
  	
  	
  	
  	
  	
  72.2	
  	
  	
  	
  	
  	
  	
  81.4	
  	
  	
  	
  	
  103.9	
  
•  	
  	
  0.55	
  	
  	
  	
  	
  	
  	
  90.8	
  	
  	
  	
  	
  109.7	
  	
  	
  	
  	
  157.4	
  
•  	
  	
  0.65	
  	
  	
  	
  	
  107.6	
  	
  	
  	
  	
  148.9	
  	
  	
  	
  	
  212.6	
  
•  	
  	
  0.75	
  	
  	
  	
  	
  119.3	
  	
  	
  	
  	
  210.6	
  	
  	
  	
  	
  264.3	
  
•  	
  	
  0.85	
  	
  	
  	
  	
  139.0	
  	
  	
  	
  	
  288.3	
  	
  	
  	
  	
  293.1	
  
•  	
  	
  0.95	
  	
  	
  	
  	
  176.3	
  	
  	
  	
  	
  306.8	
  	
  	
  	
  	
  363.5	
  
•  	
  	
  1.05	
  	
  	
  	
  	
  214.1	
  	
  	
  	
  	
  319.4	
  	
  	
  	
  	
  438.5	
  
•  	
  	
  1.15	
  	
  	
  	
  	
  273.4	
  	
  	
  	
  	
  347.0	
  	
  	
  	
  	
  563.0	
  
•  	
  	
  1.25	
  	
  	
  	
  	
  317.6	
  	
  	
  	
  	
  362.8	
  	
  	
  	
  	
  714.4	
  
•  	
  	
  1.35	
  	
  	
  	
  	
  364.6	
  	
  	
  	
  	
  397.7	
  	
  	
  	
  	
  838.1	
  
•  	
  	
  1.45	
  	
  	
  	
  	
  415.9	
  	
  	
  	
  	
  472.9	
  	
  	
  	
  	
  807.4	
  
•  	
  	
  1.55	
  	
  	
  	
  	
  432.3	
  	
  	
  	
  	
  546.1	
  	
  	
  	
  	
  805.8	
  
•  	
  	
  1.65	
  	
  	
  	
  	
  465.4	
  	
  	
  	
  	
  632.6	
  	
  	
  	
  	
  856.4	
  
•  	
  	
  

Exposure times in each of the filter  
Bands for a S/N=15 in each band 
for a 2.4 m mirror 
 
Calculated exposure times as: 
 
t =  [(S/N)/s]2 [ s +npix

 (Z+D+r2/t)] sec    
 
     npix = no of pixels in image 
     S/N = 15  required signal to noise  
     s is SNe signal in counts/sec/band 
     Z is the Zodi bckgrd in cts/sec/pix 
     D is the dark current in cts/sec/pix 
     r   is the read noise (assume single 
         read here, should change with 
         multiple exposures per point) 
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Calcula_on	
  of	
  the	
  slitless	
  and	
  IFU	
  exposure	
  
_mes	
  to	
  get	
  	
  S/N=15	
  in	
  Filter	
  Bands1,2,3	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.15	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  10.29	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  13.55	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  22.34	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.25	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  21.92	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  31.66	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  42.44	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.35	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  40.65	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  54.44	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  67.70	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.45	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  68.27	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  77.25	
  	
  	
  	
  	
  	
  	
  	
  100.40	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.55	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  85.86	
  	
  	
  	
  	
  	
  	
  	
  104.25	
  	
  	
  	
  	
  	
  	
  	
  153.20	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.65	
  	
  	
  	
  	
  	
  	
  	
  101.67	
  	
  	
  	
  	
  	
  	
  	
  141.56	
  	
  	
  	
  	
  	
  	
  	
  208.48	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.75	
  	
  	
  	
  	
  	
  	
  	
  112.71	
  	
  	
  	
  	
  	
  	
  	
  200.30	
  	
  	
  	
  	
  	
  	
  	
  260.66	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.85	
  	
  	
  	
  	
  	
  	
  	
  131.31	
  	
  	
  	
  	
  	
  	
  	
  274.42	
  	
  	
  	
  	
  	
  	
  	
  289.95	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.95	
  	
  	
  	
  	
  	
  	
  	
  166.36	
  	
  	
  	
  	
  	
  	
  	
  292.01	
  	
  	
  	
  	
  	
  	
  	
  361.93	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.05	
  	
  	
  	
  	
  	
  	
  	
  201.96	
  	
  	
  	
  	
  	
  	
  	
  304.11	
  	
  	
  	
  	
  	
  	
  	
  439.34	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.15	
  	
  	
  	
  	
  	
  	
  	
  257.59	
  	
  	
  	
  	
  	
  	
  	
  330.37	
  	
  	
  	
  	
  	
  	
  	
  568.98	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.25	
  	
  	
  	
  	
  	
  	
  	
  299.00	
  	
  	
  	
  	
  	
  	
  	
  345.52	
  	
  	
  	
  	
  	
  	
  	
  728.24	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.35	
  	
  	
  	
  	
  	
  	
  	
  342.98	
  	
  	
  	
  	
  	
  	
  	
  378.83	
  	
  	
  	
  	
  	
  	
  	
  859.24	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.45	
  	
  	
  	
  	
  	
  	
  	
  391.01	
  	
  	
  	
  	
  	
  	
  	
  450.60	
  	
  	
  	
  	
  	
  	
  	
  826.68	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.55	
  	
  	
  	
  	
  	
  	
  	
  406.35	
  	
  	
  	
  	
  	
  	
  	
  520.53	
  	
  	
  	
  	
  	
  	
  	
  824.91	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.65	
  	
  	
  	
  	
  	
  	
  	
  437.27	
  	
  	
  	
  	
  	
  	
  	
  603.27	
  	
  	
  	
  	
  	
  	
  	
  878.60	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.15	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  40.06	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  57.16	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  114.84	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.25	
  	
  	
  	
  	
  	
  	
  	
  	
  111.67	
  	
  	
  	
  	
  	
  	
  	
  	
  195.13	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  312.49	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.35	
  	
  	
  	
  	
  	
  	
  	
  	
  291.20	
  	
  	
  	
  	
  	
  	
  	
  	
  472.70	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  683.69	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.45	
  	
  	
  	
  	
  	
  	
  	
  	
  693.48	
  	
  	
  	
  	
  	
  	
  	
  	
  856.06	
  	
  	
  	
  	
  	
  	
  	
  1338.58	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.55	
  	
  	
  	
  	
  	
  	
  1025.13	
  	
  	
  	
  	
  	
  	
  1427.05	
  	
  	
  	
  	
  	
  	
  	
  2727.36	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.65	
  	
  	
  	
  	
  	
  	
  1367.65	
  	
  	
  	
  	
  	
  	
  2391.02	
  	
  	
  	
  	
  	
  	
  	
  4515.19	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.75	
  	
  	
  	
  	
  	
  	
  1629.11	
  	
  	
  	
  	
  	
  	
  4232.95	
  	
  	
  	
  	
  	
  	
  	
  6439.53	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.85	
  	
  	
  	
  	
  	
  	
  2108.14	
  	
  	
  	
  	
  	
  	
  6978.31	
  	
  	
  	
  	
  	
  	
  	
  7600.60	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.95	
  	
  	
  	
  	
  	
  	
  3125.60	
  	
  	
  	
  	
  	
  	
  7684.18	
  	
  	
  	
  	
  	
  10652.03	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.05	
  	
  	
  	
  	
  	
  	
  4289.56	
  	
  	
  	
  	
  	
  	
  8179.68	
  	
  	
  	
  	
  	
  14183.98	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.15	
  	
  	
  	
  	
  	
  	
  6320.96	
  	
  	
  	
  	
  	
  	
  9282.46	
  	
  	
  	
  	
  	
  20522.72	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.25	
  	
  	
  	
  	
  	
  	
  7969.42	
  	
  	
  	
  	
  	
  	
  9934.07	
  	
  	
  	
  	
  	
  28817.69	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.35	
  	
  	
  	
  	
  	
  	
  9824.05	
  	
  	
  	
  	
  11403.05	
  	
  	
  	
  	
  	
  35934.87	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.45	
  	
  	
  	
  	
  11951.81	
  	
  	
  	
  	
  14715.55	
  	
  	
  	
  	
  	
  34145.42	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.55	
  	
  	
  	
  	
  12651.35	
  	
  	
  	
  	
  18101.53	
  	
  	
  	
  	
  	
  34048.58	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.65	
  	
  	
  	
  	
  14086.77	
  	
  	
  	
  	
  22268.28	
  	
  	
  	
  	
  	
  37004.04	
  

	
  	
  	
  	
  	
  	
  	
  Z	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  IFU	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   Z	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Slitless	
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Measurements	
  Errors	
  on	
  each	
  Supernova	
  

•  Es_mate	
  that	
  we	
  need	
  a	
  S/N	
  =	
  15	
  in	
  each	
  of	
  3	
  bands	
  to	
  get	
  a	
  
measurement	
  error	
  of	
  12%	
  for	
  each	
  supernova	
  

•  The	
  actual	
  exposure	
  _mes	
  we	
  propose	
  to	
  use	
  may	
  not	
  be	
  as	
  
long	
  as	
  the	
  _mes	
  we	
  have	
  calculated	
  as	
  to	
  get	
  S/N=15	
  or12	
  %	
  
measurement	
  error	
  for	
  each	
  supernova.	
  

•  Es_mate	
  actual	
  measurement	
  error	
  as	
  

	
  	
  	
  	
  	
  	
  σ	
  meas	
  =	
  (12	
  %)	
  x	
  Sqrt	
  (_me	
  for	
  12%	
  /	
  actual	
  exp	
  _me)	
  

•  Assign	
  this	
  error	
  for	
  each	
  supernova	
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Supernova	
  Intrinsic	
  spread	
  
•  Use	
  intrinsic	
  supernova	
  spread	
  in	
  peak	
  flux	
  as	
  we	
  agreed:	
  

–  	
  Rest	
  frame	
  B	
  	
  band	
  	
  	
  16	
  %	
  
–  	
  Rest	
  frame	
  Z	
  	
  	
  band	
  	
  	
  15	
  %	
  
–  	
  Rest	
  frame	
  	
  J	
  	
  band	
  	
  	
  13	
  %	
  
–  Rest	
  frame	
  	
  H	
  	
  band	
  	
  	
  12	
  %	
  	
  

•  With	
  a	
  2.5μ	
  the	
  reddest	
  band	
  is	
  2.0	
  to	
  2.5μ,	
  so	
  this	
  
wavelength	
  dependence	
  translates	
  into	
  a	
  z	
  dependence	
  
σintrinsic	
  =	
  0.10	
  +	
  0.033	
  z	
  

•  With	
  the	
  2.0μ	
  cutoff	
  the	
  reddest	
  band	
  is	
  1.6	
  to	
  2.0μ,	
  and	
  the	
  
wavelength	
  dependence	
  translates	
  to	
  

•  	
  σintrinsic	
  =	
  0.11	
  +	
  0.033	
  z	
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Error	
  Model	
  Used	
  

•  Use	
  the	
  program	
  by	
  Eric	
  Linder	
  to	
  calculate	
  Figures	
  of	
  Merit	
  
•  Sta_s_cal	
  errors	
  i.e.	
  errors	
  that	
  are	
  reduced	
  by	
  1/sqrt(N)	
  

–  For	
  the	
  intrinsic	
  spread	
  use	
  	
  σint	
  =	
  0.11	
  +	
  0.33z	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
–  	
  measurement	
  errors	
  per	
  supernova	
  that	
  varies	
  with	
  z	
  bin	
  
–  Add	
  these	
  in	
  quadrature	
  and	
  divide	
  by	
  sqrt	
  N(z)	
  to	
  get	
  σstat	
  

•  Systema_c	
  (	
  error	
  as	
  suggested	
  by	
  Adam	
  Riess)	
  	
  	
  	
  	
  	
  	
   	
   	
   	
  	
  	
  	
  
σsys	
  =	
  0.02	
  [	
  1.0μ/{	
  λ0/(1+z)	
  }	
  ]	
  

	
  	
  	
  	
  	
  where	
  λ0	
  is	
  the	
  center	
  of	
  the	
  reddest	
  filter,	
  1.8μ	
  in	
  our	
  case.	
  	
  

•  Add	
  these	
  in	
  quadrature	
  	
  σtot	
  =	
  sqrt(σstat2	
  +	
  σsys2)	
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Survey	
  Cadence	
  

•  Plan	
  to	
  run	
  supernova	
  survey	
  for	
  6	
  months	
  
spread	
  over	
  1.8	
  years	
  calendar	
  _me.	
  

•  Plan	
  on	
  supernova	
  survey	
  with	
  a	
  5	
  day	
  
cadence,	
  33	
  hours	
  per	
  visit	
  	
  

•  (657/5)*33	
  hrs/24	
  =	
  182	
  days	
  =	
  6	
  months	
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SALT2 fits to LSQ11ot 
Lightcurves for a LaSilla/QUEST supernova from  
the SWOPE 1 m telescope at Las Campanas 

Phase (days) 

mag 

V 

B 



Systema_c	
  Errors	
  

•  The	
  control	
  of	
  systema_c	
  errors	
  is	
  very	
  important	
  in	
  the	
  
supernova	
  survey.	
  The	
  main	
  dependence	
  of	
  the	
  systema_c	
  
errors	
  is	
  on	
  the	
  method	
  of	
  measuring	
  the	
  lightcurves.	
  

•  Lightcurves	
  from	
  imaging	
  in	
  3	
  filters	
  	
  
–  This	
  methods	
  has	
  the	
  poorest	
  systema_cs(K	
  correc_ons,	
  evolu_on	
  and	
  

color	
  systema_cs)	
  

•  Lightcurves	
  from	
  slitless	
  prism	
  spectrometer	
  
–  Medium	
  systema_c	
  errors(no	
  K	
  correc_ons,	
  but	
  s_ll	
  have	
  evolu_on	
  

and	
  color	
  systema_cs,	
  diversity	
  of	
  Type	
  1a	
  subclasses)	
  

•  Lightcurves	
  from	
  IFU	
  spectrometer	
  with	
  an	
  addi_onal	
  high	
  	
  	
  	
  
S/N	
  spectrum	
  near	
  peak	
  
–  This	
  method	
  has	
  the	
  best	
  control	
  of	
  the	
  systema_c	
  errors	
  

21	
  



K	
  correc_ons	
  

B	
   V	
  

B*	
  
	
  

Need	
  	
  knowledge	
  of	
  the	
  spectrum	
  to	
  calculate	
  rest	
  frame	
  
B	
  band	
  from	
  observer	
  frame	
  filter	
  bands.	
  Three	
  filters	
  are	
  
not	
  a	
  lot	
  for	
  the	
  huge	
  redshix	
  range	
  of	
  0.1	
  to	
  1.7.	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

B*	
  in	
  SNe	
  resyrame	
  
B	
  and	
  V	
  in	
  observer	
  frame	
  



Calculated	
  for	
  three	
  survey	
  Strategies	
  

Method	
   Supernova	
  	
  	
  
Discovery	
  

Confirm	
  Type	
  1a	
  	
  
Measure	
  redshiB	
  

Lightcurves	
  

	
  	
  	
  	
  	
  A	
   Imager	
  
	
  

Slitless	
  Spectrometer	
   Imager	
  

	
  	
  	
  	
  	
  B	
   Slitless	
  Prism	
  
Spectrometer	
  

Slitless	
  Spectrometer	
   Slitless	
  Spectra	
  

	
  	
  	
  	
  	
  C	
   Imager	
  
	
  

IFU	
  Spectrometer	
   IFU	
  Spectra	
  

23	
  

For	
  each	
  of	
  these	
  we	
  used	
  a	
  redshix	
  reach	
  of	
  zmax	
  =	
  1.7	
  



DRM1	
  Figure	
  of	
  Merit	
  vs	
  Redshix	
  Reach	
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Slitless	
  Prism	
  Spectroscopy,	
  Lightcurves	
  from	
  imaging	
  in	
  3	
  filters	
  
Tradeoff	
  between	
  lower	
  z	
  reach	
  with	
  more	
  supernovae	
  	
  

vs	
  higher	
  z	
  reach	
  with	
  fewer	
  supernovae	
  
	
  in	
  the	
  same	
  6	
  month	
  survey	
  

FoM	
  

Redshix	
  Reach	
  



Realis_c	
  Error	
  Assignements	
  

Survey	
   SystemaDc	
  
	
  error	
  

Intrinsic	
  
spread	
  

FoM	
  

A	
  .Slitless,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
imaging	
  lightcurves	
  

0.020(1+z)/1.8	
   0.11+0.033z	
   180	
  

B.	
  Slitless,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
spectro	
  lightcurves	
  

0.016(1+z)/1.8	
   0.11+0.033z	
   197	
  

C.	
  IFU	
  Deep,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
spectro	
  lightcurves	
  

0.010(1+z)/1.8	
   0.09	
   303	
  

With	
  the	
  2.4	
  m	
  on-­‐axis	
  Telescope,	
  Zmax	
  =	
  1.7	
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These	
  Figures	
  of	
  Merit	
  assume	
  a	
  sample	
  of	
  800	
  ground	
  based	
  
low	
  redshix	
  supernovae	
  and	
  use	
  the	
  Planck	
  priors	
  but	
  do	
  not	
  
Include	
  Stage	
  III	
  priors	
  



Slitless	
  Sectrometer,	
  Lightcurves	
  from	
  imaging	
  

Obs	
  mode	
   Low	
  z	
  	
  	
  z<0.8	
  
Area	
  	
  	
  	
  	
  Exp	
  Dme	
  	
  	
  hours/visit	
  

High	
  z	
  	
  	
  z<	
  1.7	
  
Area	
  	
  	
  	
  Exp	
  Dme	
  	
  	
  	
  hours/visit	
  

Hours	
  
per	
  
visit	
  

Imaging	
   14.0	
  	
  	
  	
  	
  	
  	
  	
  100	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  4.2	
  	
  	
  	
   5.04	
  	
  	
  	
  	
  	
  	
  	
  	
  500	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  7.5	
   11.7	
  

Spectroscopy	
   14.0	
  	
  	
  	
  	
  	
  	
  	
  650	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  9.0	
   5.04	
  	
  	
  	
  	
  	
  	
  2500	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  12.3	
   21.3	
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Use	
  imaging	
  to	
  discover	
  supernovae	
  and	
  get	
  points	
  on	
  the	
  
	
  lightcurve	
  in	
  3	
  filters	
  with	
  S/N=15	
  in	
  each	
  
	
  
Use	
  slitless	
  prism	
  spectrometer	
  to	
  type	
  supernovae	
  using	
  
the	
  Silicon	
  absorb_on	
  feature	
  and	
  to	
  get	
  redshixs.	
  	
  
S/N=0.7	
  per	
  pixel	
  
	
  
Time	
  alloca_on	
  during	
  each	
  33	
  hour	
  visit:	
  
	
  
	
  	
  



A.	
  2.4m	
  Slitless,	
  Imaging	
  Lightcurves	
  	
  FoM	
  =	
  180	
  
	
  	
  	
  Z	
  	
  	
  	
  	
  	
  	
  	
  	
  No	
  	
  	
  	
  	
  S/N	
  	
  	
  	
  	
  	
  No	
  	
  	
  S/N	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Total	
  	
  σsta	
  σ/√N	
  σsys	
  	
  σtotal	
  	
  
	
  
	
  	
  0.15	
  	
  	
  	
  	
  	
  	
  22	
  	
  	
  	
  	
  	
  9.80	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  8	
  	
  	
  	
  	
  18.84	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.38	
  	
  	
  	
  	
  	
  	
  	
  30	
  	
  	
  0.117	
  	
  	
  	
  0.021	
  	
  	
  0.013	
  	
  	
  	
  0.025	
  
	
  	
  0.25	
  	
  	
  	
  	
  	
  	
  68	
  	
  	
  	
  	
  	
  5.93	
  	
  	
  	
  	
  	
  	
  	
  	
  24	
  	
  	
  	
  	
  11.39	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.23	
  	
  	
  	
  	
  	
  	
  	
  92	
  	
  	
  0.124	
  	
  	
  	
  0.013	
  	
  	
  0.014	
  	
  	
  	
  0.019	
  
	
  	
  0.35	
  	
  	
  	
  	
  131	
  	
  	
  	
  	
  	
  3.96	
  	
  	
  	
  	
  	
  	
  	
  	
  47	
  	
  	
  	
  	
  	
  7.60	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.16	
  	
  	
  	
  	
  	
  	
  178	
  	
  	
  0.132	
  	
  	
  0.010	
  	
  	
  0.015	
  	
  	
  0.018	
  
	
  	
  0.45	
  	
  	
  	
  	
  219	
  	
  	
  	
  	
  	
  2.83	
  	
  	
  	
  	
  	
  	
  	
  	
  79	
  	
  	
  	
  	
  	
  5.44	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.11	
  	
  	
  	
  	
  	
  	
  299	
  	
  	
  0.142	
  	
  	
  0.008	
  	
  	
  0.016	
  	
  	
  0.018	
  
	
  	
  0.55	
  	
  	
  	
  	
  322	
  	
  	
  	
  	
  	
  2.16	
  	
  	
  	
  	
  	
  	
  115	
  	
  	
  	
  	
  	
  4.15	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.08	
  	
  	
  	
  	
  	
  	
  437	
  	
  	
  0.152	
  	
  	
  0.007	
  	
  	
  0.017	
  	
  	
  0.019	
  
	
  	
  0.65	
  	
  	
  	
  	
  426	
  	
  	
  	
  	
  	
  1.73	
  	
  	
  	
  	
  	
  	
  153	
  	
  	
  	
  	
  	
  3.32	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.07	
  	
  	
  	
  	
  	
  	
  579	
  	
  	
  0.163	
  	
  	
  0.007	
  	
  	
  0.018	
  	
  	
  0.020	
  
	
  	
  0.75	
  	
  	
  	
  	
  530	
  	
  	
  	
  	
  	
  1.43	
  	
  	
  	
  	
  	
  	
  191	
  	
  	
  	
  	
  	
  2.75	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.06	
  	
  	
  	
  	
  	
  	
  721	
  	
  	
  0.174	
  	
  	
  0.006	
  	
  	
  0.019	
  	
  	
  0.020	
  
	
  	
  0.85	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  1.23	
  	
  	
  	
  	
  	
  	
  235	
  	
  	
  	
  	
  	
  2.36	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.05	
  	
  	
  	
  	
  	
  	
  235	
  	
  	
  0.156	
  	
  	
  0.010	
  	
  	
  0.021	
  	
  	
  0.023	
  
	
  	
  0.95	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  1.08	
  	
  	
  	
  	
  	
  	
  271	
  	
  	
  	
  	
  	
  2.08	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.04	
  	
  	
  	
  	
  	
  	
  271	
  	
  	
  0.163	
  	
  	
  0.010	
  	
  	
  0.022	
  	
  	
  0.024	
  
	
  	
  1.05	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.97	
  	
  	
  	
  	
  	
  	
  299	
  	
  	
  	
  	
  	
  1.86	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.04	
  	
  	
  	
  	
  	
  	
  299	
  	
  	
  0.169	
  	
  	
  0.010	
  	
  	
  0.023	
  	
  	
  0.025	
  
	
  	
  1.15	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.84	
  	
  	
  	
  	
  	
  	
  313	
  	
  	
  	
  	
  	
  1.61	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.03	
  	
  	
  	
  	
  	
  	
  313	
  	
  	
  0.177	
  	
  	
  0.010	
  	
  	
  0.024	
  	
  	
  0.026	
  
	
  	
  1.25	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.75	
  	
  	
  	
  	
  	
  	
  315	
  	
  	
  	
  	
  	
  1.43	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.03	
  	
  	
  	
  	
  	
  	
  315	
  	
  	
  0.184	
  	
  	
  0.010	
  	
  	
  0.025	
  	
  	
  0.027	
  
	
  	
  1.35	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.68	
  	
  	
  	
  	
  	
  	
  306	
  	
  	
  	
  	
  	
  1.30	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.03	
  	
  	
  	
  	
  	
  	
  306	
  	
  	
  0.192	
  	
  	
  0.011	
  	
  	
  0.026	
  	
  	
  0.028	
  
	
  	
  1.45	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.64	
  	
  	
  	
  	
  	
  	
  284	
  	
  	
  	
  	
  	
  1.24	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.03	
  	
  	
  	
  	
  	
  	
  284	
  	
  	
  0.197	
  	
  	
  0.012	
  	
  	
  0.027	
  	
  	
  0.030	
  
	
  	
  1.55	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.62	
  	
  	
  	
  	
  	
  	
  254	
  	
  	
  	
  	
  	
  1.19	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.02	
  	
  	
  	
  	
  	
  	
  254	
  	
  	
  0.202	
  	
  	
  0.013	
  	
  	
  0.028	
  	
  	
  0.031	
  
	
  	
  1.65	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.58	
  	
  	
  	
  	
  	
  	
  223	
  	
  	
  	
  	
  	
  1.12	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.02	
  	
  	
  	
  	
  	
  	
  223	
  	
  	
  0.208	
  	
  	
  0.014	
  	
  	
  0.029	
  	
  	
  0.033	
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Slitless	
  Spectrometer,	
  Lightcurves	
  from	
  Spectra	
  

Obs	
  mode	
   Low	
  z	
  	
  	
  z<0.8	
  
Area	
  	
  	
  	
  	
  Exp	
  Dme	
  	
  	
  hours/visit	
  

High	
  z	
  	
  	
  z<	
  1.7	
  
Area	
  	
  	
  	
  Exp	
  Dme	
  	
  	
  	
  hours/visit	
  

Hours	
  
per	
  
visit	
  

Imaging	
   14.0	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  75	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1	
   5.04	
  	
  	
  	
  	
  	
  	
  	
  	
  360	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2	
   	
  	
  3	
  

Spectroscopy	
   14.0	
  	
  	
  	
  	
  	
  	
  	
  800	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  11	
   5.04	
  	
  	
  	
  	
  	
  	
  3800	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  19	
   30	
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Use	
  the	
  slitless	
  prism	
  spectrometer	
  to	
  discover	
  supernovae	
  
	
  and	
  get	
  oints	
  on	
  the	
  lightcurve	
  and	
  redshix	
  measurements	
  
With	
  S/N=15	
  per	
  synthe_c	
  band	
  
	
  
Need	
  modest	
  imaging	
  to	
  locate	
  objects	
  
	
  
Time	
  alloca_on	
  for	
  each	
  33	
  hour	
  visit:	
  	
  



B.	
  2.4m	
  Slitless,	
  Spectro	
  Lightcurves	
  	
  FoM	
  =	
  197	
  
	
  	
  	
  Z	
  	
  	
  	
  	
  	
  	
  	
  	
  No	
  	
  	
  	
  	
  S/N	
  	
  	
  	
  	
  	
  No	
  	
  	
  S/N	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Total	
  	
  σsta	
  σ/√N	
  σsys	
  	
  σtotal	
  	
  
	
  
	
  	
  0.15	
  	
  	
  	
  	
  	
  	
  22	
  	
  	
  	
  	
  	
  8.96	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  8	
  	
  	
  	
  	
  20.03	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.32	
  	
  	
  	
  	
  	
  	
  	
  30	
  	
  	
  	
  0.119	
  	
  	
  0.021	
  	
  	
  0.010	
  	
  	
  0.024	
  
	
  	
  0.25	
  	
  	
  	
  	
  	
  	
  68	
  	
  	
  	
  	
  	
  5.22	
  	
  	
  	
  	
  	
  	
  	
  	
  24	
  	
  	
  	
  	
  11.68	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.18	
  	
  	
  	
  	
  	
  	
  	
  92	
  	
  	
  	
  0.129	
  	
  	
  0.013	
  	
  	
  0.011	
  	
  	
  0.017	
  
	
  	
  0.35	
  	
  	
  	
  	
  131	
  	
  	
  	
  	
  	
  3.39	
  	
  	
  	
  	
  	
  	
  	
  	
  47	
  	
  	
  	
  	
  	
  7.59	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.12	
  	
  	
  	
  	
  	
  	
  178	
  	
  	
  0.145	
  	
  	
  0.011	
  	
  	
  0.012	
  	
  	
  0.016	
  
	
  	
  0.45	
  	
  	
  	
  	
  219	
  	
  	
  	
  	
  	
  2.39	
  	
  	
  	
  	
  	
  	
  	
  	
  79	
  	
  	
  	
  	
  	
  5.35	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.08	
  	
  	
  	
  	
  	
  	
  299	
  	
  	
  0.166	
  	
  	
  0.010	
  	
  	
  0.013	
  	
  	
  0.016	
  
	
  	
  0.55	
  	
  	
  	
  	
  322	
  	
  	
  	
  	
  	
  1.81	
  	
  	
  	
  	
  	
  	
  115	
  	
  	
  	
  	
  	
  4.04	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.06	
  	
  	
  	
  	
  	
  	
  437	
  	
  	
  0.190	
  	
  	
  0.009	
  	
  	
  0.014	
  	
  	
  0.016	
  
	
  	
  0.65	
  	
  	
  	
  	
  426	
  	
  	
  	
  	
  	
  1.44	
  	
  	
  	
  	
  	
  	
  153	
  	
  	
  	
  	
  	
  3.22	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.05	
  	
  	
  	
  	
  	
  	
  579	
  	
  	
  0.216	
  	
  	
  0.009	
  	
  	
  0.015	
  	
  	
  0.017	
  
	
  	
  0.75	
  	
  	
  	
  	
  530	
  	
  	
  	
  	
  	
  1.19	
  	
  	
  	
  	
  	
  	
  191	
  	
  	
  	
  	
  	
  2.65	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.04	
  	
  	
  	
  	
  	
  	
  721	
  	
  	
  0.245	
  	
  	
  0.009	
  	
  	
  0.016	
  	
  	
  0.018	
  
	
  	
  0.85	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  1.02	
  	
  	
  	
  	
  	
  	
  235	
  	
  	
  	
  	
  	
  2.28	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.04	
  	
  	
  	
  	
  	
  	
  235	
  	
  	
  0.195	
  	
  	
  0.013	
  	
  	
  0.016	
  	
  	
  0.021	
  
	
  	
  0.95	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.89	
  	
  	
  	
  	
  	
  	
  271	
  	
  	
  	
  	
  	
  2.00	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.03	
  	
  	
  	
  	
  	
  	
  271	
  	
  	
  0.211	
  	
  	
  0.013	
  	
  	
  0.017	
  	
  	
  0.022	
  
	
  	
  1.05	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.80	
  	
  	
  	
  	
  	
  	
  299	
  	
  	
  	
  	
  	
  1.79	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.03	
  	
  	
  	
  	
  	
  	
  299	
  	
  	
  0.226	
  	
  	
  0.013	
  	
  	
  0.018	
  	
  	
  0.022	
  
	
  	
  1.15	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.69	
  	
  	
  	
  	
  	
  	
  313	
  	
  	
  	
  	
  	
  1.54	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.02	
  	
  	
  	
  	
  	
  	
  313	
  	
  	
  0.250	
  	
  	
  0.014	
  	
  	
  0.019	
  	
  	
  0.024	
  
	
  	
  1.25	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.61	
  	
  	
  	
  	
  	
  	
  315	
  	
  	
  	
  	
  	
  1.37	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.02	
  	
  	
  	
  	
  	
  	
  315	
  	
  	
  0.273	
  	
  	
  0.015	
  	
  	
  0.020	
  	
  	
  0.025	
  
	
  	
  1.35	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.56	
  	
  	
  	
  	
  	
  	
  306	
  	
  	
  	
  	
  	
  1.25	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.02	
  	
  	
  	
  	
  	
  	
  306	
  	
  	
  0.294	
  	
  	
  0.017	
  	
  	
  0.021	
  	
  	
  0.027	
  
	
  	
  1.45	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.53	
  	
  	
  	
  	
  	
  	
  284	
  	
  	
  	
  	
  	
  1.19	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.02	
  	
  	
  	
  	
  	
  	
  284	
  	
  	
  0.307	
  	
  	
  0.018	
  	
  	
  0.022	
  	
  	
  0.028	
  
	
  	
  1.55	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.51	
  	
  	
  	
  	
  	
  	
  254	
  	
  	
  	
  	
  	
  1.14	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.02	
  	
  	
  	
  	
  	
  	
  254	
  	
  	
  0.317	
  	
  	
  0.020	
  	
  	
  0.023	
  	
  	
  0.030	
  
	
  	
  1.65	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.48	
  	
  	
  	
  	
  	
  	
  223	
  	
  	
  	
  	
  	
  1.07	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  0.02	
  	
  	
  	
  	
  	
  	
  223	
  	
  	
  0.335	
  	
  	
  0.022	
  	
  	
  0.024	
  	
  	
  0.032	
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IFU	
  Spectrometer,	
  Lightcurves	
  from	
  S[ectra	
  

30	
  

Mode	
   Low	
  z	
  	
  	
  z	
  <	
  0.4	
  
Area	
  	
  	
  Time	
  	
  	
  Hours	
  

Medium	
  z	
  	
  z	
  <	
  0.8	
  
Area	
  	
  Time	
  	
  Hours	
  

High	
  z	
  	
  z	
  <	
  1.7	
  
Area	
  	
  Time	
  	
  Hours	
  

Time	
  per	
  
visit	
  

Imaging	
  
Discovery	
  

27.44	
  	
  	
  	
  15	
  	
  	
  	
  	
  	
  	
  0.8	
   	
  8.96	
  	
  	
  75	
  	
  	
  	
  	
  	
  	
  	
  1.3	
   	
  5.04	
  	
  	
  360	
  	
  	
  	
  	
  3.6	
   	
  	
  	
  	
  6	
  

Spectra	
  for	
  
lightcurves	
  

27.44	
  	
  	
  	
  varies	
   	
  8.96	
  	
  	
  varies	
   	
  5.04	
  	
  varies	
   	
  	
  	
  19	
  

	
  Deep	
  
Spectra	
  

27.44	
  	
  	
  varies	
   	
  8.96	
  	
  	
  varies	
   	
  5.04	
  	
  varies	
   	
  	
  	
  	
  	
  8	
  

Use	
  imaging	
  to	
  discover	
  supernovae	
  in	
  two	
  filters	
  with	
  	
  
S/N>4	
  in	
  each	
  
	
  
Use	
  IFU	
  spectrometer	
  to	
  get	
  points	
  on	
  the	
  lightcurve	
  with	
  
S/N=15	
  per	
  synthe_c	
  band	
  (	
  S/N=3	
  per	
  pixel).	
  Get	
  an	
  addi_onal	
  
	
  deep	
  spectrum	
  (S/N=6)near	
  peak	
  for	
  subtyping	
  and	
  line	
  ra_os	
  	
  
	
  
	
  	
  



Signal-­‐‑to-­‐‑Noise  of  1  
SN  Ia  spectrum	




Signal-­‐‑to-­‐‑Noise  of  7      
SN  Ia  spectrum	




C.	
  2.4m	
  IFU	
  Deep	
  Spectro	
  Lightcurves,	
  FoM=303	
  
	
  

•  	
  	
  	
  	
  <Z>	
  	
  SNe	
  	
  	
  SNe	
  	
  	
  SNe	
  	
  	
  SNe	
  	
  	
  σstat	
  	
  	
  	
  	
  	
  σ/√N	
  	
  	
  	
  	
  σsys	
  	
  	
  	
  	
  	
  σtot	
  
•  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Low	
  z	
  Mid	
  z	
  Hi	
  z	
  	
  Total	
  	
  	
  	
  
•  	
  	
  	
  	
  
•  	
  	
  	
  	
  0.15	
  	
  	
  	
  	
  	
  41	
  	
  	
  	
  	
  	
  	
  13	
  	
  	
  	
  	
  	
  	
  7	
  	
  	
  	
  	
  	
  	
  	
  61	
  	
  	
  	
  	
  0.150	
  	
  	
  	
  	
  0.019	
  	
  	
  	
  	
  0.006	
  	
  	
  	
  0.020	
  
•  	
  	
  	
  	
  0.25	
  	
  	
  123	
  	
  	
  	
  	
  	
  	
  39	
  	
  	
  	
  	
  	
  21	
  	
  	
  	
  	
  184	
  	
  	
  	
  	
  0.150	
  	
  	
  	
  	
  0.011	
  	
  	
  	
  	
  0.007	
  	
  	
  	
  	
  0.013	
  
•  	
  	
  	
  	
  0.35	
  	
  	
  239	
  	
  	
  	
  	
  	
  	
  76	
  	
  	
  	
  	
  	
  41	
  	
  	
  	
  	
  356	
  	
  	
  	
  	
  0.150	
  	
  	
  	
  	
  0.008	
  	
  	
  	
  	
  0.008	
  	
  	
  	
  	
  0.011	
  
•  	
  	
  	
  	
  0.45	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  127	
  	
  	
  	
  	
  	
  69	
  	
  	
  	
  	
  196	
  	
  	
  	
  	
  0.150	
  	
  	
  	
  	
  0.011	
  	
  	
  	
  	
  0.008	
  	
  	
  	
  	
  0.013	
  
•  	
  	
  	
  	
  0.55	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  186	
  	
  	
  	
  101	
  	
  	
  	
  	
  287	
  	
  	
  	
  	
  0.150	
  	
  	
  	
  	
  0.009	
  	
  	
  	
  	
  0.009	
  	
  	
  	
  	
  0.012	
  
•  	
  	
  	
  	
  0.65	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  247	
  	
  	
  	
  133	
  	
  	
  	
  	
  235	
  	
  	
  	
  	
  0.150	
  	
  	
  	
  	
  0.010	
  	
  	
  	
  	
  0.009	
  	
  	
  	
  	
  0.013	
  
•  	
  	
  	
  	
  0.75	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  307	
  	
  	
  	
  166	
  	
  	
  	
  	
  235	
  	
  	
  	
  	
  0.150	
  	
  	
  	
  	
  0.010	
  	
  	
  	
  	
  0.010	
  	
  	
  	
  	
  0.014	
  
•  	
  	
  	
  	
  0.85	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  205	
  	
  	
  	
  	
  235	
  	
  	
  	
  	
  0.150	
  	
  	
  	
  	
  0.010	
  	
  	
  	
  	
  0.010	
  	
  	
  	
  	
  0.014	
  
•  	
  	
  	
  	
  0.95	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  237	
  	
  	
  	
  	
  235	
  	
  	
  	
  	
  0.150	
  	
  	
  	
  	
  0.010	
  	
  	
  	
  	
  0.011	
  	
  	
  	
  	
  0.015	
  
•  	
  	
  	
  	
  1.05	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  261	
  	
  	
  	
  	
  235	
  	
  	
  	
  	
  0.150	
  	
  	
  	
  	
  0.010	
  	
  	
  	
  	
  0.011	
  	
  	
  	
  	
  0.015	
  
•  	
  	
  	
  	
  1.15	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  273	
  	
  	
  	
  	
  235	
  	
  	
  	
  	
  0.150	
  	
  	
  	
  	
  0.010	
  	
  	
  	
  	
  0.012	
  	
  	
  	
  	
  0.015	
  
•  	
  	
  	
  	
  1.25	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  274	
  	
  	
  	
  	
  235	
  	
  	
  	
  	
  0.150	
  	
  	
  	
  	
  0.010	
  	
  	
  	
  	
  0.012	
  	
  	
  	
  	
  0.016	
  
•  	
  	
  	
  	
  1.35	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  267	
  	
  	
  	
  	
  235	
  	
  	
  	
  	
  0.150	
  	
  	
  	
  	
  0.010	
  	
  	
  	
  	
  0.013	
  	
  	
  	
  	
  0.016	
  
•  	
  	
  	
  	
  1.45	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  247	
  	
  	
  	
  	
  235	
  	
  	
  	
  	
  0.150	
  	
  	
  	
  	
  0.010	
  	
  	
  	
  	
  0.014	
  	
  	
  	
  	
  0.017	
  
•  	
  	
  	
  	
  1.55	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  222	
  	
  	
  	
  	
  235	
  	
  	
  	
  	
  0.150	
  	
  	
  	
  	
  0.010	
  	
  	
  	
  	
  0.014	
  	
  	
  	
  	
  0.017	
  
•  	
  	
  	
  	
  1.65	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  195	
  	
  	
  	
  	
  235	
  	
  	
  	
  	
  0.150	
  	
  	
  	
  	
  0.010	
  	
  	
  	
  	
  0.015	
  	
  	
  	
  	
  0.018	
  
•  	
  	
  	
  
•  	
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  Comparison	
  of	
  Performance	
  
Survey	
  Strategy	
   	
  	
  	
  	
  	
  FoM	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  	
  	
  
1.3	
  m	
  DRM1	
  	
  	
  slitless,	
  imaging	
  lightcurves	
   	
  	
  	
  	
  	
  	
  	
  	
  153	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  
1.1	
  m	
  DRM2	
  	
  	
  slitless,	
  imaging	
  lightcurves	
   	
  	
  	
  	
  	
  	
  	
  	
  141	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  
2.4	
  m	
  	
  DRM	
  A	
  	
  	
  slitless,	
  imaging	
  lightcurves	
   	
  	
  	
  	
  	
  	
  	
  	
  180	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  
2.4	
  m	
  	
  DRM	
  A	
  	
  	
  slitless,	
  spectro	
  lightcurves	
   	
  	
  	
  	
  	
  	
  	
  	
  197	
  
2.4	
  m	
  	
  DRM	
  A	
  	
  	
  IFU	
  Deep	
  spectro	
  lightcurves	
   	
  	
  	
  	
  	
  	
  	
  	
  303	
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Comment:	
  with	
  the	
  lower	
  systema_c	
  errors	
  with	
  the	
  IFU	
  
we	
  could	
  approach	
  a	
  FoM	
  of	
  400	
  with	
  extended	
  _me	
  for	
  	
  
the	
  supernova	
  survey	
  	
  



Rela_ve	
  Error	
  on	
  the	
  Distance	
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2.4	
  m	
  mirror,	
  6	
  month	
  supernova	
  survey	
  
Lightcurves	
  from	
  spectroscopy	
  

Re
la
_v
e	
  
er
ro
r	
  o

n	
  
th
e	
  
di
st
an
ce
	
  

Redshix	
  

Slitless	
  	
  

IFU	
  



Advantages	
  of	
  the	
  2.4	
  m	
  Telescope	
  

•  With	
  the	
  1.1	
  or	
  1.3	
  mirror,	
  exposure	
  _mes	
  were	
  long	
  so	
  
supernova	
  surveys	
  planned	
  	
  to	
  get	
  lightcurves	
  from	
  imaging
(requiring	
  K	
  correc_ons	
  etc)	
  	
  

•  With	
  the	
  2.4	
  m	
  mirror	
  exposure	
  _mes	
  were	
  short	
  enough	
  to	
  
get	
  lightcurves	
  from	
  spectroscopy	
  elimina_ng	
  the	
  need	
  for	
  K	
  
correc_ons.	
  

•  With	
  the	
  IFU	
  spectrometer	
  exposure	
  _mes	
  are	
  even	
  shorter	
  
and	
  can	
  get	
  a	
  deep	
  spectrum	
  to	
  finally	
  address	
  the	
  issue	
  of	
  
evolu_on	
  systema_cs	
  by	
  iden_fying	
  subclasses	
  using	
  spectral	
  
features.	
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the global value of β from any of the other large sam-
ples shifts w by less than 0.02. We have accounted for
this systematic by assigning each sample a 0.02 magni-
tude covariance (giving a 0.03 error on w), which avoids
the problem of handling an error on elements of the co-
variance matrix. To study these details further, we look
forward to more data for z > 0.5, with improved calibra-
tion and light curve models.
We also perform one additional sanity check by sub-

dividing the data by x1 and c. There is evidence for
two populations of normal SN Ia, divided by light curve
width (see K08, and references therein). Star-forming
galaxies tend to host the population with broader light
curves, while SN hosted by passive galaxies tend to have
narrower light curves. As described below, we derive
consistent cosmology for these subdivisions as well.
We subdivide35 the full sample into two roughly equal

subsamples, split first by color and then by x1. In total,
this makes four subsamples. We find that the cosmology
is close for all subsamples (as can be seen in Table 11) so
the difference from these subdivisions does not contribute
significantly to the systematic error on w.
It is interesting to note that α is substantially different

for the two samples split by light curve width. Likewise,
β is substantially different for the two samples split by
color. This might suggest that the relationships between
color and brightness and light curve width and brightness
are more complex than a simple linear relationship, or it
could be that the errors on x1 and c are not perfectly
understood. We also find that β is higher for the redder
SNe Ia which is similar to the results from Conley et al.
(2008) based on comparisons of U − B colors to B −

V , after correcting for the effect of stretch on the U -
band. At the same time it should be pointed out that
evidence of low RV values have also been found for a few
well-studied, and significantly reddened, nearby SNe Ia
Folatelli et al. (2010).

7.3.12. Summary of systematic errors

The effect of these systematic errors on w is given in
Table 9. The improvement in cosmology constraints over
the simple quadrature sum is also shown. Zeropoint and
Vega calibration dominate the systematics budget, but
understanding the color variations of SNe is also impor-
tant. The benefit from making a Malmquist bias correc-
tion can be seen; by doing so, KS09 reduce this system-
atic error by a factor of two.

8. RESULTS AND DISCUSSION

In the cosmology analysis presented here, the statisti-
cal errors on ΩM have decreased by a significant 24% over

35 Subdividing by x1 or c must be done carefully. When there
are errors in both the dependent and independent variables (in this
case, magnitude and x1 or c), the true values of the independent
variables must be explicitly solved for as part of the fit. Other-
wise, the subdividing will be biased. For example, suppose that
a supernova has a color that is poorly measured, and an uncor-
rected magnitude that is well-measured. If this supernova is faint
and blue, then a fit for the true color will give a redder color. A
color cut will place this supernova in the blue category, when the
supernova is actually more likely to be red. As mentioned in K08,
whenever one fits for α and β, the true values of x1 and c are only
implicitly solved for; equation (5) is derived by analytically mini-
mizing over the true x1 and c. K08 provides the equation with the
true values made explicit, we also include a discussion in Appendix
C.

Table 9
Effect on w errorbar (including BAO and CMB
constraints) for each of the systematic errors
included. The proper way to sum systematic
errors is to include each error in a covariance

matrix.

Source Error on w

Zero point 0.037
Vega 0.042
Galactic Extinction Normalization 0.012
Rest-Frame U -Band 0.010
Contamination 0.021
Malmquist Bias 0.026
Intergalactic Extinction 0.012
Light curve Shape 0.009
Color Correction 0.026
Quadrature Sum (not used) 0.073
Summed in Covariance Matrix 0.063

the K08 Union analysis, while the estimated systematic
errors have only improved by 13%. When combining the
SN results with BAO and CMB constraints, statistical
errors on w have improved by 16% over K08, though the
quoted systematic errors have increased 7%. Figure 10
shows a comparison between the constraints from K08
and this compilation in the (ΩM − w) plane. Even with
some improvement on the understanding of systematic
errors, it is clear that the dataset is dominated by sys-
tematic error (at least at low to mid-z).
The best fit cosmological parameters for the compi-

lation are presented in Table 10 with constraints from
CMB and BAO. The confidence regions in the (ΩM ,ΩΛ)
and (ΩM , w) planes for the last fit in the table are shown
in Figures 11 and 12 respectively.
For the CMB data we implement the constraints from

the 7 year data release of the Wilkinson Microwave
Anisotropy Probe (WMAP) as outlined in Komatsu et al.
(2010). We take their results on z! (the redshift of last
scattering), lA(z!), and R(z!), updating the central val-
ues for the cosmological model being considered. Here,
lA(z!) is given by

lA(z!) ≡ (1 + z!)
πDA(z!)

rs(z!)
,

where DA is the angular distance to z!, while

R(z!) ≡

√

ΩMH2
0

c
(1 + z!)DA(z!) .

Percival et al. (2010) measures the position of the BAO
peak from the SDSS DR7 and 2dFGRS data, constrain-
ing dz ≡ rs(zd)/DV (0.275) to 0.1390 ± 0.0037, where
rz(zd) is the comoving sound horizon and DV (z) ≡
[

(1 + z)2D2
Acz/H(z)

]1/3
.

For the SNe + BAO fit in Table 10, we add an H0 mea-
surement of 74.2±3.6 km/s/Mpc from Riess et al. (2009),
creating a constraint without the CMB that is therefore
largely independent of the high-redshift behavior of dark
energy (as long as the dark energy density contribution
is negligible in the early universe). Note that the H0
constraint relies on most of the nearby supernovae used
in this compilation. However, the effect on w through
H0 from these supernovae is several times smaller than
the effect through the Hubble diagram. Alternatively,

Uncertainty	
  &	
  Bias	
  -­‐	
  	
  
Both	
  Natural	
  and	
  Man-­‐Made	
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Filters: K-corrections 



Supernova 
at  z = 1.2 



Supernova 
at  z = 1.2 



SNe  Ia  do  not  all  show  the  exact  same  spectral  time  series,  so  
the  standard  K  corrections  are  not  exact  much  of  the  time.	


Average error  and dispersion on 
K-correction for a best-case 
logarithmically-spaced infinite filter 
set and for a finite number of 
logarithmically-spaced filters 
(SALT-2 fitter is used.) 

The  distribution  of  K  correction  errors  
exhibits  bias  and  dispersion  
whenever  the  high-­‐‑redshift  
observations’  filters  don’t  exactly  
match  the  redshifted  low-­‐‑redshift  
observations’  filters.	


Bias 

Dispersion 

high-z and redshifted  
low-z filters match up 



expected 

Cardelli Law 

Dust absorbs/scatters the SN light more at  
blue wavelengths than at red wavelengths: 
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expected 

Cardelli Law 

Dust absorbs/scatters the SN light more at  
blue wavelengths than at red wavelengths: 

m
or

e 
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m
m

in
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t 

bluer redder 

…but how do you tell this apart from differences in intrinsic SN color? 

expected 

observed 



If  we  assume  that  all  the  color  variation  is  due  
to  dust  …	


m
or
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m
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to
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us
t 

bluer redder 

expected 



If  we  assume  that  all  the  color  variation  is  due  
to  dust  we  don’t  get  CCM  reddening  law:	


m
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m
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to
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us
t 

bluer redder 



This is not surprising – we already know that there are 
spectral features associated with the “stretch” of the 
lightcurve timescale. 



Spectral 
variation 1st component 

This is not surprising – we already know that there are 
spectral features associated with the “stretch” of the SN 
lightcurve timescale. 

highly correlated with “stretch” 



After removing 1st component 
of spectral variation 

1st component 



Spectral 
variation 2nd component 



Spectral 
variation 2nd component 



After removing 1st  and 2nd components  
of spectral variation 



After removing 1st  and 2nd components  
of spectral variation 

Chotard et al (A&A, 2011) 
Nearby SN Factory arxiv/1103.5300 



Demographics 



Standardiza_on	
  

Each	
  point	
  is	
  a	
  SN	
  
before	
  any	
  correc:on	
  

Each	
  point	
  is	
  synthesized	
  
photometry	
  from	
  a	
  flux-­‐
calibrated	
  spectrum	
  

normal	
  
peculiar	
  
reddened	
  



Lightcurve	
  Standardiza_on	
  

Each	
  point	
  is	
  synthesized	
  
photometry	
  from	
  a	
  flux-­‐
calibrated	
  spectrum	
  

Each	
  point	
  is	
  a	
  SN	
  
A?er	
  width-­‐color	
  correc:on	
  

σ(dL)	
  =	
  7.4%	
  



Lightcurve	
  Standardiza_on	
  

Mandel et al (2011) 

 
 
 
 
Problems: 
 
J band is not as big an 
improvement as H band. 
 
H band not available  
with HST WFC3. 
 
With WFIRST can  
only obtain H band out to  
z = 0.12 (with 2 micron cutoff) or 
z = 0.35 with (2.5 micron cutoff). 

A route to better  
standardization: 
Add J and H band. 



Lightcurve	
  Standardiza_on	
  

Each	
  point	
  is	
  synthesized	
  
photometry	
  from	
  a	
  flux-­‐
calibrated	
  spectrum	
  

Each	
  point	
  is	
  a	
  SN	
  
A?er	
  width-­‐color	
  correc:on	
  

σ(dL)	
  =	
  7.4%	
  



Spectral	
  Flux	
  Ra_o	
  Standardiza_on	
  

σ(dL)	
  =	
  5.9%	
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SNF20071021-000
SNF20061111-002
SNF20070818-001
SNF20061021-003

SNF20070803-005
SNF20070717-003
SN2007kk
SNF20060908-004
SNF20080522-011
SNF20070424-003
SN2006dm
SNF20070912-000
SN2005hc
SNF20070810-004
SNF20080822-005
SNF20070630-006
SNF20080626-002
SNF20080510-001
SNF20080512-010
SNF20070531-011

SNF20070712-003
SNF20070806-026

SNF20080516-022
SNF20070727-016
SN2007bd
SNF20080514-002

Spectra sorted by SALT color

Training	
  sample	
  

Each	
  point	
  is	
  from	
  a	
  
single	
  at-­‐max	
  spectrum	
  

Bailey, et al., A&A (2009) 



The Time Series of Spectra is a “CAT Scan” of the Supernova 

CAT-scan of SN 



SN	
  Twins	
  

SN	
  Factory	
  



SN	
  Factory	
  

Well-matched Twins Not Twins 



SN	
  Factory	
  



SN	
  Factory	
  

for  2µ cutoff 

We expect soon to have further confirmation of these 
low-dispersion results, so we are still being 
conservative in how we use them in FoM calculations. 



Systematics Sequence 

Filters	
  &	
  
K	
  correc:ons	
  

Low	
  RV	
  	
  &	
  
Intrinsic	
  color	
  

Evolu:on	
  



Examples  of  design  approaches	


Calibration  must  be  one  of  first  design  goals,  
not  last.	

	


	
If  using  filters,  need  monochrometer  
	
or  IFU  spectrograph.	


	


	
It’s  be?er  to  use  calibrated  IFU    
	
spectrograph  for  SN  measurements.	




Integral Field Spectroscopy 
Concept 

Row	
  of	
  Pupil	
  Mirrors	
  

Row	
  of	
  Slit	
  Mirrors	
  

λ	
  

SN	
  

Telescope	
  Focal	
  
Plane	
  

Telescope	
  
Slicer	
  

Mirror	
  	
  

Array	
  

3" x 3" with 0.15” slits 



Prototype Space-qualified (TRL5) IFS 

  IFS specifications: 

  Mass: < 12 kg 

  Size: 200 x 270 x 270 mm 

  R of  70 – 200 

  0.35-1.7 micron 

 Total throughput w/ OTA 

  > 55% in optical 
  > 40% in NIR 

     Calibration tests: 

  Straylight measured to be < 10-3 

  Wavelength calibration at the nm level 

  relative flux calibration better than 1 % 

	
  
	
  	
  

Teledyne NIR 2k x 2k 
integrated with optics 
and  readout system   

	
  
	
  

    Mechanical tests: 

  Shake tested to JDEM spec 

  Thermal cycle tested	
  	
  



Signal-­‐‑to-­‐‑Noise  of  1  
SN  Ia  spectrum	




Signal-­‐‑to-­‐‑Noise  of  7      
SN  Ia  spectrum	




     	
Need  spectrograph  (and  S/N)  good  enough  
	
to  measure  key  spectral  features  of    
	
supernovae  after  subtracting  host  galaxy.	




High	
  Fidelity	
  Host	
  Modeling	
  is	
  Key	
  
Data	
  

Model	
  

Residual	
  

galaxy	
  core	
  

SN	
  

Original 
Host-subtracted 

B 
 
 
R 



A  forgo?en  (difficult)  requirement?	


Weak  Lensing  needs  spectroscopic  calibration  of  
photo-­‐‑z  using  unbiased  sampling  of  random  
galaxies.	


A  possible  use  of  IFU  to  obtain  these  calibration  
spectra  simultaneous  with  SN  IFU  spectroscopy  
and  with  High  Galactic  Latitude  Surveys.	




Calibrating  photo-­‐‑z'ʹs  at  LSST  (or  WFIRST)  depth  is  
limited  by  incompleteness  in  redshift  surveys	


•  Want training set of ~20k objects with 
very secure z measurements, spanning 
full parameter space & large volume!

•  As we are unlikely to achieve >99% 
complete calibration samples, photo-z 
calibration/redshift distributions would 
be determined via cross-correlation type 
methods (e.g. Newman 2008)!

•  For objects not spanned by training set, 
there's no accurate photo-z to calibrate; 
want 50-75% success at least.!

•  Even with instruments now being built, 
this will be extremely difficult from the 
ground at z>2, degrading DE FoM!

Redshift success rates from DEEP2 
(Newman et al. 2012), zCOSMOS 
(Lilly et al. 2009)!

Equivalent IAB for 30 nights	
  



LSST  WL  FoM  is  >2x  larger  if  can  train  at  z>2  with  
IFU	


A  bigger  issue  for  WFIRST  WL:  H-­‐‑limited  sample  skews  to  higher  z!	


Subaru/PFS: 
equivalent # of 
spectra, 20-nights 
depth, 90%/85% 
success rate if can/
can’t resolve [OII] 
doublet !

99% of LSST Gold Sample!

WFIRST IFU: 
20k spectra over 
5000 deg2, 2ks/
18ks depth, 91%/
98% success rate!

Figure: 

C. Cunha & 

J. Newman	
  



LSST  WL  FoM  is  >2x  larger  if  can  train  at  z>2  with  
IFU	


A  bigger  issue  for  WFIRST  WL:  H-­‐‑limited  sample  skews  to  higher  z!	


Subaru/PFS: 
equivalent # of 
spectra, 20-nights 
depth, 90%/85% 
success rate if can/
can’t resolve [OII] 
doublet !

99% of LSST Gold Sample!

WFIRST IFU: 
20k spectra over 
5000 deg2, 2ks/
18ks depth, 91%/
98% success rate!

Figure: 

C. Cunha & 

J. Newman	
  

WFIRST  
slitless grism 





Design  Rule	


Design  as  if  you  know  that  the  answer  will  be  
a  very  small,  but  statistically  clear  deviation  
from  (w0  =  -­‐‑1,  wa  =  0).	


	


Otherwise  DE  measurement  not  worth  $109.	




Backup	
  Slides	
  



Deriva_on	
  of	
  formula	
  to	
  es_mate	
  Exp	
  _me	
  

•  Signal	
  =	
  st	
  
•  Background	
  =	
  npix(Z+D+r2/t)	
  t	
  
•  σstat	
  =	
  (st)½	
  
•  σbkgrd=	
  [npix(Z+D+r2/t)	
  t]	
  ½	
  
•  σtot	
  =	
  (σstat2	
  +	
  σbkgrd2)	
  ½	
  
•  S/N	
  =	
  signal/σtot	
  =	
  (st)/[st	
  +	
  npix(Z+D+r2/t)	
  t]½	
  
•  t	
  =	
  	
  [(S/N)/s]2[	
  s	
  +npix	
  (Z+D+r2/t)]	
  sec	
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Silicon	
  II	
  Spectral	
  Feature	
  
In	
  Observer	
  Frame	
   SNe	
  rest	
  

Frame	
  
Z=0.5	
   Z=1.0	
   Z=1.5	
  

λ	
  central	
  	
   6100	
   9150	
   12200	
   15250	
  
FWHM	
   	
  	
  160	
   	
  	
  240	
   	
  	
  	
  	
  	
  320	
   	
  	
  	
  	
  400	
  
FW	
  at	
  base	
   	
  	
  320	
   	
  	
  480	
   	
  	
  	
  	
  	
  640	
   	
  	
  	
  	
  800	
  
Å	
  per	
  pixel	
   	
  	
  	
  	
  41	
   	
  	
  	
  	
  61	
   	
  	
  	
  	
  	
  	
  	
  82	
   	
  	
  	
  	
  102	
  
FWHM	
  in	
  pixels	
   	
  	
  	
  3.9	
   	
  	
  	
  3.9	
   	
  	
  	
  	
  	
  	
  3.9	
   	
  	
  	
  	
  	
  3.9	
  
FW	
  at	
  base	
  in	
  pixels	
   	
  	
  	
  7.8	
   	
  	
  	
  7.8	
   	
  	
  	
  	
  	
  	
  7.8	
   	
  	
  	
  	
  	
  7.8	
  
S/N	
  per	
  pixel	
  coadded	
  sp*	
   	
  	
  	
  2.1	
   	
  	
  	
  2.1	
   	
  	
  	
  	
  	
  	
  2.1	
   	
  	
  	
  	
  	
  2.1	
  
S/N	
  per	
  pixel	
  single	
  sp**	
   	
  	
  	
  0.7	
   	
  	
  	
  0.7	
   	
  	
  	
  	
  	
  	
  0.7	
   	
  	
  	
  	
  	
  0.7	
  

	
  	
  *Signal	
  to	
  noise	
  per	
  pixel	
  in	
  co-­‐added	
  spectra	
  to	
  get	
  a	
  S/N	
  =	
  5	
  
	
  	
  	
  	
  	
  	
  	
  for	
  the	
  Si	
  feature.	
  Use	
  6	
  pixels,	
  so	
  5/√6	
  =	
  2.1	
  	
  
**Assume	
  that	
  S/N	
  in	
  a	
  co-­‐added	
  spectrum	
  (i.e.co-­‐add	
  all	
  spectra	
  	
  
	
  	
  	
  	
  	
  	
  	
  in	
  the	
  lightcurve)	
  is	
  3	
  _mes	
  the	
  S/N	
  in	
  a	
  single	
  spectrum	
  
	
  	
  Conclusion:	
  	
  Need	
  S/N	
  per	
  pixel	
  =	
  0.7	
  for	
  single	
  spectra	
  



Survey	
  Areas	
  
•  We	
  want	
  square	
  areas	
  so	
  we	
  can	
  con_nuously	
  monitor	
  it	
  as	
  

we	
  go	
  around	
  a	
  corner	
  every	
  three	
  month	
  with	
  a	
  90	
  degree	
  
turn	
  of	
  the	
  detector	
  plane	
  

•  	
  For	
  DRM	
  A	
  assume	
  18	
  H4RG	
  detectors	
  are	
  arranged	
  in	
  a	
  6	
  x	
  3	
  
panern	
  so	
  the	
  	
  imager	
  is	
  not	
  square	
  	
  

•  For	
  example	
  	
  
–  Two	
  imager	
  footprints	
  make	
  a	
  6x6	
  sensor	
  square	
  
–  8	
  imager	
  footprints	
  make	
  a	
  12x12	
  square	
  
–  etc	
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Square	
  Survey	
  Areas	
  for	
  DRM	
  A	
  

PaXern	
   Sensors	
   Area(sq	
  degrees)	
   No	
  of	
  shots	
  
1	
  W	
  x	
  2	
  H	
   	
  	
  6	
  x	
  6	
   	
  0.56	
   	
  	
  2	
  
2	
  W	
  x	
  4	
  H	
   12	
  x	
  12	
   	
  2.24	
   	
  	
  8	
  
3	
  W	
  x	
  6	
  H	
   18	
  x	
  18	
   	
  5.04	
   18	
  
4	
  w	
  x	
  8	
  H	
   24	
  x	
  24	
   	
  8.96	
   32	
  
5	
  W	
  x	
  10	
  H	
   30	
  x	
  30	
   14.00	
   50	
  
6	
  W	
  x	
  12	
  H	
   36	
  x	
  36	
   20.16	
   72	
  
7	
  W	
  x	
  14	
  H	
   42	
  x	
  42	
   27.44	
   98	
  

DRM	
  A	
  has	
  18	
  H4RG	
  detectors	
  with	
  10	
  micron	
  pixels	
  
The	
  image	
  plane	
  is	
  6	
  detectors	
  Wide	
  and	
  3	
  detectors	
  High	
  
A	
  panern	
  of	
  	
  2W	
  x	
  4	
  H	
  is	
  8	
  image	
  planes	
  arranged	
  2	
  in	
  the	
  W	
  	
  
	
  	
  	
  	
  direc_on	
  and	
  4	
  in	
  the	
  H	
  direc_on	
  
No	
  of	
  shots	
  is	
  number	
  of	
  exposures	
  to	
  cover	
  the	
  area	
  in	
  a	
  filter	
  
We	
  should	
  s_ck	
  with	
  these	
  panerns	
  for	
  best	
  efficiency	
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FoM	
  dependence	
  on	
  Systema_c	
  Error	
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IFU	
  Deep	
  Survey	
  with	
  spectroscopic	
  lightcurves	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  σsys	
  =	
  constant	
  x	
  (1+z)/1.8	
  
	
  

FoM	
  

Constant	
  in	
  systema_c	
  error	
  



FoM	
  dependence	
  on	
  	
  Supernova	
  Survey	
  Time	
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FoM	
  

Supernova	
  Survey	
  Time	
  (months)	
  

IFU	
  Deep	
  Survey	
  with	
  spectroscopic	
  lightcurves	
  



FoM	
  dependence	
  on	
  Supernova	
  Survey	
  Time	
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FoM	
  

Survey	
  Time	
  (months)	
  

IFU	
  

Slitless	
  

Lightcurves	
  from	
  Spectroscopy	
  



FoM	
  dependence	
  on	
  	
  Supernova	
  Survey	
  Time	
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FoM	
  

Supernova	
  Survey	
  Time	
  (months)	
  

IFU	
  Deep	
  Survey	
  with	
  spectroscopic	
  lightcurves	
  
Systema_c	
  error	
  =	
  c*(1+z)/1.8	
  

C	
  =	
  0.01	
  

C	
  =	
  0.005	
  



FoM	
  dependence	
  on	
  IFU	
  Resolu_on	
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IFU	
  Deep	
  Survey	
  with	
  spectroscopic	
  lightcurves	
  
	
  

FoM	
  

R	
  



FoM	
  dependence	
  on	
  IFU	
  Plate	
  Scale	
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IFU	
  Deep	
  Survey	
  with	
  spectroscopic	
  lightcurves	
  
	
  

FoM	
  

IFU	
  Plate	
  Scale	
  (	
  “/pixel)	
  











What	
  the	
  Reports	
  Said	
  

8/15/12	
   PHYSPAG	
  

JDEM	
  SCG:	
  

95	
  



8/15/12	
   PHYSPAG	
   96	
  


